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CHIZHKOV, B., tokar'; VERGEYCHIK, A., tokar'; SMIRNOV, ¥.; ERASOVSEIY, He; 
SHITYKO, P.; CHAYKA, D.; MAZURENKO, P. 


Same conditions bring different results. Okhr. truda i sots. atrakh, 
no.1:30-33 Jl '58, (MIRA 11:12) 


leInstramental'nyy tsekh Minskege pedshipnikevoge zaveda (fer 
Chizhkev, Vergeychik). 2,Starehiy inzhenner pe tekhnike bezopasnesti 
Minskege podshipnikovogo zaveda (fer Smirnov), 3.Sekretar® !re= 
daktaii zavodskey mogefirazhki "Za tekhnicheskly progress" Minskego 
podshipnokovoge zavoda (fer Krasovsk4y), . 4 Glavnyy tekhnicheskly 
inspektor Belsovprofa (fer Shityke 5Spetsial!nyy korrespondent 
shuranla Veesoyuznoge teentral'noge vaoeate prorenyarey sees truda 
i sotsial'noye strakhovnaiye" (for Mazuren 

ee (Minsk—~Industrial hygiene) 
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AUTHORS: Garash, B.S., Chief, Krasoveliny N.G., Senior Engineer 


TITLE: The Introduction and Oneration of UPTS Equinment in the 
Rayon Telerhone Network (Vnedreniye 3 ekspluatarsiys u 
UPTS na seti vnutrirayonnoy telefonnoy svyazi) 
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PERIODICAL: Vestnik svysai, 1958, Nr i?, p i5 (USSR) 

ABSTRACT: The autnors review the cxveriences of the communteation wore 
kers of the Moldavian SSR in intreducing and cperating UPTS 
equipment, which began in 1956, Many difficulties had to be 
overcome which were caured by differences in the various 
existing telephone networks end the munual and sutomatic tele- 
phone offices to which the semiautomatic telephone office 
equipment (UPTS) had toa be connected, There is i circuit diagram 

ASSOCIATION: Direktsivya radlotranslyatsionnoy seti 1 vnautrirayennoy tele- 
fonnoy svyazi Moldavskoy SSR Gentea! Office of Radio Relay and 
Rayon Telephone Network of the Moldavian SSR). 
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KhoeVonly, NL OY, 
Ordinary Differential Z uations 


Dissertation: “Stability of kotion for Any Initi:l visturivnces." Cand Thys-kath 
scl, bral Polytectinic Inst, sverdlovak, 1953. (Heferativnyy cnurnal -- Matnatdka 
Moscow, Mur 54). 
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USSR/Mathematics - Stability 


Card 1/1 

Author : Krasovskiy, N. M. q 
Title + Stability of motion in the large for constantly acting disturbances 

Periodical ; Prikl. mat. i mekh., 18, 95-102, Jan/feb 1954 

Abstract : Examines five separate systems of differential equations. Discusses 


for each the consequences of asymptotic stability of the solutions as 
well as stability in the large for constantly acting disturbances, 
Proves tour important theorem relating stability and uniqueness to 
initial conditions imposed upon the systems, 


Institution : Ural Polytechnic Institute, Sverdlovsk 


Submitted : April 8, 1953 


CIA-RDP86-00513R000826210( 


APPROVED FOR RELEASE: Monday, July 31, 2000 


CIA-RDP86-00513R000826210 


PING GEA Pes ERE PET ee 


"APPROVED FOR RELEASE: Monday, July 31, 2000 
"> EAR RAY Bi eA ASUS TTS ARERR BOOST SUS EEE WT 


GRIB, V.K.; KRASOVSKIY, N., red.; BABENKOVA, A., spets. red. 


{Some problems of the mechanization of loading and un- 
loading operations on fish farms] Nekotorye voprosy me- 
khanizatsii pogruzochno-razgruzochnykh rabot v prudovykh 
khoziaistvakh, Minsk, Belorusskoe pravlenie NTO pishchevoi 


promyshl. 1962. 24 p. (MIRA 17:3) 
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1. KRASOVSEIY, NUN, 
2. USSP (600) 
4. Motion 


7. Theorems on stability of motions, d 
mee aes Ae Soe » determined by a savatem of two equations, Prikl, 
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9 onthly Lisc.of Russian Accessions, Library of Congress, February 1953, Unclassified, 
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a” The authors consider =) 
B where x is a vector in 
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‘ty examples 
t imply (*). If, i ition, 9(%)—+ 0 -ég. 
Isle, then it is slicer Age (°) tei ete: Coen te 
if (*) holds, then such a p does exist. {f the condition ¢<ff 
is replaced by the conditions: #<0 outside of Af 650 In Aj 
and Af is a set auch that the intersection of each level sii ia 
fg face omc and Af contains no positive semii-trafectory: at” 
Se , then (*) again follows It is shown that these hye 
@ pothescs arc aati by the syst secorul order! #04; 
f= ~9»)~ 269/02), provided JO) 4) 20 aoe 
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Ural Polytech. Inst., Sverdlovsk, 
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KRASOVBKIY, N.B. 
Stability of the solution of a system of 
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‘ (MERA 6:12) 
1. Ural'akiy Politekhnicheskiy inetitut, 
(Differential equations) 
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GANAGO, 0.A., kandidat tekhnicheekikh nauk; TARNOVSEIY I.Ya., professor, 


doktor tekhnicheskikh nauk; KRASOVSEIT. H.N., inzhener. 


Designing optimum blank shapes for forging gear-type products. 
Trudy Ural.politekh.inat. no.45:137-151 '53. (MLBA 9:11) 
(Forging) 
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1. KRASOVSKIY, N.N. 
2. USSR (600) 
ke. Stability 


7+ Problem of the stability of motion 
No. 3, 1953. > in the large, Dokl. AN SSSR, 88, 


9. Monthly Lis t of Russian Accessions, Library of Congress, April, 1953, Unel. 
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___Kresovakit Wakil, NN. “On stability it soluticns efasystemof 0 ew. ee. apes , 
ao econ argee ti critical pias ert Mads Nene Qe : 
Bo, a © SSSR NLS.) 93, 965-967 (1958). [Russias 


A stability criterion is estattished for a bordeding case 
for the equations SNuley, 0) fe (, Qt is aswamed that 
the X; vanish ats 9,0) and have pactial dcrivatives #atise - 
fying a, Lipschitz condition in a neighborhood of (0.9), 
Let (A! rug) det (J0Xi/dx,] 2.0), where J is the unit 
matria anc lec PUG, 0) have two imaginary roots or one 
zero rost anid one negative cvot. It is thea proved that if, 

: for ench (x1, 4) other thian (0, C), 90324, 025 kas roots with 
is negative real parts, then (J, 6) is asyimptoticatly stable, 
whereas, if, at each (21x), p(Ai rn 43) has roots with 

Positive real parts, then (0,0) is unstable. 1. Kadton, 
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TARNOVSKIY, I.Ya., prof.; POZDEYEV, A.A., inthe; KRASOVSKIY, N.W., inzh, 
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Force deteneination in néetalworking hy prassure. Girne. davl. 
no.35-22 ‘Sh, (MIRA 12:10) 
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i where X ie continuots ‘and the associated system - : vat 
Qo te XG) ERIE poe hee 
fe an _ where generally R(0; 1) 940. The origin ie said to be stable fe es, 


“the large for constantly acting disturbances (~s.f.cd.) if: 
: it Is atable in the small for constantly acting disturbances '- 
; Doce the or reviewed second above] and furthermore the 5 <=. 
fe ' following holds: Let {x} =sup{x<|, and similarly for other j-— 
ius wet “vectors. Tied. given <, there exists 9 each that-i€-R fs such a = 
that outalde [ell <q ERR afl), r= (Eee), then. every! 
-; solution of (2) has. the property that lint sup i=(@[-0 as: 
ee otis _? fea--ow Here f(r} is a given function characterizing the | 
i ae 4g.) + admissible growth of R. : 
Bate ae ee * The object of the: present paper is to give sufficient condi: { i 
, tion: ‘for e.Le.d. for certain. systems considered In various; 
ipapers [Erugin, these Rev. 14, 376: Krasovskit, ibid. 14,1 
3763 Malkin, ibid, 14, 48; Erkov, ibid. 14, 752]. The ag-t -: ; 
sumption is made throughout that fir) er, and x, yare nowt s 
Ithe nlane cartesian coordinates. Consider the ayatem sei Co over), ie 
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: ‘tae ditional references: BarbaSin and Krasovekif, these Rev, : 
(a 14, ‘O46; Barbalin; ibid. 14,'376; Krasovskil, ibid, 14, etd: 
Jj ie - Ss Lefschels (Princeton, N. Fe 
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USSR /Mathematics - Asymptotic stability FD-640 

Card 1/1 : Pub. 85 - 7/12 

Author : Barbshin, Ye. A., and Krasovskiy, N. IN. (overt Lovek) 

MER hha atiae i Wiis be 

Title : Existence of the Lyapunov functions in the case of asymptotic 
stability in the whole 

Periodical > Prikl. mat. i mekh., 18, 345-350, May/Jun 195k 

Abstract : Treats the system of equations dx/dt = X (x,t). Demonstrates that 
even in the case where the right part of this equation depends upon 
the problem of the existence of the Lyapunov function is solved in 
the positive sense for sufficiently general assumptions on the sys- 
tem. His formulation is similar to that of I. C. Malkin ("Problem 
of the conversion af A. KU. Lyagunay’s theoren on asymptotic sta- 
bility," PNM, 18, No. 2, 195%). Five references, including 
I. Massera, Liapounoff's condition of stability, Annals of Math- 
ematics, No. 50, No. 3, 1949. 

Institution tooe- 

Submitted : March 16, 195% 
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USSR/Mathematics - THeorem of Lyapunov FD-947 

Card 1/1 Pub €5-1/11 

Author : Krasovskiy, N. N, 
Dactnbirnicc bestia ITS Cee utters AA ipirncl pe 

Title + Reciprocity of theorems of A. M. Lyapunov and N. G. Chetayev on in- 
stability for stationary systems of differential equations 

Periodical + Prikl. mat. 1 mekh. 18, 913-532, Sep/Oct 1954 

Abstract + <I. L. Massera (On Liapunoff's condition of Stability, Annals of Matne- 
matics, Vol 50, No 3 (1949)) and Ye. A. Barbashin, (Method of cross 
sections in the theory of dynamic systems, Mat. sb. Vol 29, No 2 (1951)) 
proved thut Lyapunov'g theorem on asymptotic stability may be recip- 
recal, This problem ig further analyzed and solved by finding a func- 
tion v(x) ,...,x_) satisfying the conditions in the instability theorens 
of Lyapunov (Obshchaya zadacha ob ustoychivosti dvizheniya (General 
problem on stability of motion) 1950) and of Chetayev (Ustoychivest 
dvizheniya (Stability of motion) 1946). Indebted to N. G. Chetayev, 
Eight references including one aforementioned U : 

Institution toe 

Submitted > April 9, 1954 
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Keasovsxiy, NN. . 
USSR/ Physics - Metallurgy . : 
Card 1/1 = Pub. 147 ~ 20/27, 

_ Authors + Krasovakiy, N. N.; Nikitin, Yu. P.; Esin, 0. A.; and Popel', S,. I. 


a aad eee ers: 
Title * Calculation of surface tension by the form of a recumbent drop 
Periodical : Zhur. fiz. khim. 28/9, 1678-1679, Sep 195) . 


Abstract : A table for the calculation of surface tension according to the form of a 
recumbent drop and a suitable method for the graphical integration of an 
equation for such a drop are briefly described, The method, which has 
humerous advantages, is also applicable to drops of different size and form. 
Examples of such calculations are shown. Five references: 3-USSR; 1~-Inddan 
and 1-English (1883-1953). Table; gravh, 


Institition : The S.MKirov Ural Polytechnicum, Faculty of the Theory of Metallurgical 
Processes, Sverdlovsk 


Submitted 


Avril 20, 1954 
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KRASOUSKiy Ww. 


USSR/ Mathematdos 


Mend a Pub. 22 ~ 5/4, 


Authors = 5, Krasovskdly, N, 
Becton since Ba 
Title t Sufficient co 


Perdod 
teal + Dok. AN SSSK 98/6, 901-904, October 21, 1954 


Abstract t Sufficient 
conditions for the : 
non=linear differential erations, gaat a near rane 


ey 
a -_ X%(x,, %Q+00sXp) (4 ad 152, 0egn), 


are sought. Tho results 
Four references (1950-1953), search is presented in three theorems, 


Inst, t y ' | 
itution 2 Ural gid Polytechnical Institute im, 3 M Kirov 
3 e Me 
Presented by: . Academician I. G. Petrovskiy, June 10 1954, 
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KRASOV SKLY. NN eS a .: 


7Reasovskil On inversion of K.P. Perstdchite 7 l-P/y - : 
eorem oa orm stability, Prikf. Mat. Mch. 19, £9 a 
, 273-278 (1955), (Russian) : : 


This note deals with the uniform stability of the origin, ee ne 
~ for a system eo a 


‘where x, X are m-vectors and the modulus is sup xd. The 
‘ uniform stability is in the sense of Persidskit (with respect 
to the time). In substance the author Proves: A necessa;: 


- by Persidskit [Dissertation, Moscow, 1946], 7 oy ca ; is 
at S. Lefschete (Princeton, N, J.) a : : 
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SUBJECT USSR/MATHEMATICS/Differentia} equations CARD Y¥ PG - 45 
AUTHOR KRASOVSKIJ N.M, 
TITLE On the stability after the first 8pproximation. 


PERIODICAL Priklad. Mat. Moch. 19, 516-530 (1955) 
reviewed 5/1956 


The author considers the system 


dx 
1 i 
( ) a" X4(x49%5,++0x,, t) i=t,...,n r 


where the functions X, are defined in the range & (Ix, | <H, O<t) ana - 
are continuous in ¢ and xX, and there possess continuous derivatives 


which satisfy the tnequationa| a! <L.q and! eave Constants. 


X,(0,0,...0,t) = 0 for t>0. As a positive (or negative) halftrajectory the 


maximum connecting bow of a trajectory ig denoted which lies in the renge % 
for t Pt, (or t€o°). rf it is assumed that the solutions 


X1 (yore esx, gst, 5 t) Satisfy the following condition: (2) there exist such 


Constants {>Q, 6>0, that for every Point p of Bon at least one half- 
trajectory the inequation ig satisfied by ps 
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In r(p,t ,t) Bin Pr(p) + ot - tI 


(for tet ors to). 
Here mean; r(p) « (xf + ae e5 V2 


1/2 
Ipt*eRyost st.) | : 
jon (2) is necessary and suffi 
& V(x40Xy5 060%, yt) Which satisf 


2 2 
r(p,t,,t) = [x pyre emp oetost ees x(x 


It is Proved that the condit 
existence of & function y 


(3) 


cient for the 

ies the inequations 
A dav A ov A-1 

Iv| Sor, Pear, | Eh ost 


’ 


J J 
is (t) err x (1=152,...n5m 1) 
Jynthe etd nt a 


& result of Malkin (Doklady Akad, 


Nauk 76, No.6 (1951)) is Generalized. the 
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variation of the attitude of the solution is investigated for adcitional 
terms of order higher than mM, and it is stated that, under certain conditions, 


[Ry (x,, : Kart) | <a( [x,| + ceo x Na? 


Exemples are Siven for the application of the obtained results to systems 
with delays of t. 
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SS 63-88, {Ritssian ‘ 

Consider a system (1) =X (x), where +, NY are (n-f1). > 
vectors, X(0)==0 and _Y is of class C‘ at the origin, Sup- 
Pose also that the matrix. of the first-degree terms has 
one characteristic root zero and the rest with negative 
real parts. Let JI =X, ex! Theorem: Ifina Neighbor- 
hood of the origin (origin excepted) the characteristics 
roots of J have their real Parts all negative (some Positive] 
Hien the origin is asymptotically stable [is unstable] 
or (1), 

Thin question was already dealt with by Lyapunov 
[Probléme général de la stabilité du mouvement. Prince- 
ton, 1947; MR 9g, 34} who first reduced (1) to a special : 
form. His condition reads decided!y differently, The 
_Present author's Starting point js Lyapunov’s reduced 
system. His condition offers the decided advantage that it ‘ 

«18 expressed directly in terms of (1) without requiring a t 
| prelitninary transformation, [Additional references: Kra- : Ge 


| 967; MR 15, 795; Cetaev, Stability of motion, Gostehiz- E : 
| t dat, Moscow, 1946} és é 


: | Krasovs iL NON: On stability of motion in the critical 1-F/2@ 
OM case of a single zero oN SE S77 (1955), 


CIA-RDP86-00513R000826210( 


APPROVED FOR RELEASE: Monday, July 31, 2000 


3R000826210 


CSET 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-0051 


ee 


USSR/ Hathematies 


Card 1/) Pub. 22 ~ 4/51 
Authors $ Krusovskiy, Ne i. 
Title Abo | 
t About, the conditions for convergence of Lyapunov's theorems 0} the 


instobility of stable Systems of differential ejuations 
Periodical 3 Dok. AN SSSR 1101/1, 17-20, War. 1, 1955 


be Abstr. 
‘ act t oe under which the functions satiefying Lyanuncy's 
i neorens on instablity may exist are di ondi , 
Hens wie ave discussed. Conditions of 
ee “aseymptotic instabslity" are a1 
. ee t 80 consi . 
Four references: 3 USSR and 1 Enclish (1942-1951). nee 


the OS Eirey Upal Polytechnieun 


ae te : settdgeadad- rf a 
: atadcudietan a, MN, Koline. orev, Deeerber 14, 1954 
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SUBJECT USSR/MATHEMATICS/Differential equations CARD 1/1 PG - 540 
AUTHOR KRASOVSKIJ N.N.: 
TITLE On the question of the reversal of the theorems of the second 
Liapunov method for the investigation of the stability of motion. 
PERIODICAL Uspechi mat.Nauk 11, 3; 159-164 (1956) 
reviewed 1/1957 


A new quite simple method of proof of the following theorems is given: 

1. Theorem of BarbaSin on the existence of a section in a dispersive dynamical 
system (Mat.sSbornik, n. Ser. 29, 233-280 (1951)); 2. Theorem of Barba¥in 
(ibid.) and Massera (Annals of Math. 50, 705-721 (1949)) on the inversion 

of Liapunov's theorem on asymptotic stability for autonomous systems; 3. The 


following theorem on the inversion of Liapunov's theorem on instability: 
Let x = X(x,t) where X is continuously differentiable, X(0,t) = 0 be such that 
x ~ 0 is unstable; then there is a continuously differentiable funotion 


v(x,t) having an infinitely small upper bound the total derivative of which 


Av + W, A >O, w PO, and such that v>O for any t = t.>0 and x 


arbitrarily near x = 0. 


6210 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 ole RDP ee Dep tone eons 


GSEs 


220.2 2 Rie Sg OG sia os Pade A ea ea: Eee HIRAI einer cht Laced fa ahead ioe PERE VE EAS SSS EST 3 SEE: PIES. meets 
ied SRS EG Alp Os as Sea, zn i x ; aa ee 


Pepeeres 


AA HSOVSATY, NIN, 


SUBJECT USSR/MATHEMATICS/Differential equations CARD 1/1 PG - 382 
| AUTHOR KRASOVSKIJ W.N. 
| TITLE The reversal of the theorems of Liapunov's second method and the 


problem of the stability of motion after the first approximation. 
PERIODICAL Priklad. Mat. Yech. 20, 255-265 (1956) 
reviewed 11/1956 


The present paper essentially represents a combination and coordination of 
several results of the author and of such ones of other authors which refer 
to the following themes: 1) Relation between the existence of the Liapunov 
function and the notion of uniform stability. 2) Characteristic of a mathod 
(N.N.Krasovskij, Priklad. Mat. Mech. 18, 5, (1954) and 19, 5, (1955)) for the 
reversal of the theorems of Liapunov's second method which is applicable in 
the case of stability as well as in the case of instability. 3) Proof of 
existence for Liapunov's functions which satisfy certain estimations and 
application to the investigation of stability problems after the first 
approximation. 

In the last section the author formulates with sketched proofs some new 
results concerning the application of Liapunov's functions for systoms with 
delay (the paths of motion are considered in the abstract space). 


INSTITUTION: Sverdlovsk. 
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for #2,0;and where the functions hy(t}, . S46, are! 
ipiecewise continuous and satisfy Oshy! ioe for 


back 
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(20. After. “suitable. modification of the basic sta bility 
definitions, the auther proves sufficient conditions for the 
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“.; étated. more explicitly here. All results are base d upon 
_; considerations af positive definite functions in the manner 
of Lyapanav's & eecond method 
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AUTHOR BHASUVSKI NM, 

TITLE On ae arymaptetr: statility of tie as 

PERICDICAL Priktad, Mat Mech. 60, B95 7G 1 IGKEG 
reviewed 11/7556 _ 


oe ( &)) are functionals which 


placevise convinaous functions y Ra ny) 
ye Jil) <u. Hoe cemst also Ke mj X,(0.0. O 
IX, Cy 8), t) 


every plecewise continuous curve lect, 


A <2 


Here o- 4 Rane 


Xi (ye S), 2) <b lly. a) ver SDA, 


for T24. 
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defined 


constants 


Under these conditions 


t21responds 


¢ 
a single solution of (1). Thia solution exists for ali t2* for ehich they 


ara covsinuatle in the region ys Xj h <f. 
4s tnitial curves rift, ®,) 


Wise continuous curves are allowed ethich satisfy the 
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The trivial solation « - 0 jp called stable 1% fer erry ¢>Q there exists 
a §> © such thar from Na, it, OF Ved there fellows the inequation 
IP x( (t 4) +t Sq. “ae for ee Jf fer a:d page owtsa continuous 
ai'o 4 Py ° 
initial curves cf (2): aft) 0 as tow mw. then a ev Ls catled asymptotic- 
rn nlly stable. 
: The following criterion of stability ia proved Tre tenes! solution x # 9 
4a asymptotically stable if there oxtats a functional Viyl wo) ty which 13 
defined on the functions y(-T) (On T4b, b,S ni ard shich satisfies the 


following conditions: 
*. Vis positive definite oad respect to a metric which ig defined »y the 
norm fi y(- Z){[ = sup y(t) (OST Eh, 


2. V tao an infinitely emall upper bound or a surves yi td jy This E 
3, V satisfies the 2nequation 
inf (W(y(- 7) i), >sup(Viy!- t) 


“Gait Ny Nex, <i "Hy ynes : 


4o lin (AV/L.t) (At-—->+0) 18 a negative definite furcvionss ca fhe 
continuous ourves y(t 2) which, for -n+' €& C4 satisfy the tmequation 
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SUBJECT USSR/MATHEMATICS/Differential equations CARD 1/1 PG - 739 
AUTHOR KRASOVSKI N.N. 
TITLE On the second Ljapunov method for investigations of stability. 


PERIODICAL Mat.Sbornik,n.Ser. 40, 57-64 (1956) 
reviewed 5/1957 


The author gives necessary and sufficient conditions that there exists @ 
Ljapunov function v which has a positive definite derivative and an infinitely 
small upper bound. The investigation relates to the non-stationary syaten 
i 

=: XK, (xy9Xq0+ 09% qt) fat Pyeng hs 
Purthermore conditions for the reversibility of Ljapunov's theorem of in- 
stability are given. In the case of stationary systems one obtains earlier 
results of the author ( Priklad.Mat.Mech. 18; 513-532 (1954))- 


INSTITUTION: Sverdlovsk. 
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SUBJECT USSR/MATHEMATICS/Differential equations — CARD 1/3 PG - 350 
AUTHOR KRASOVSKIJ N.N. 
TITLE On the theory of the second Liapunov method for the investigation 
of the motion stability. 
PERIODICAL Doklady Akad. Nauk 10), 400-463 (1956) 
reviewed 10/1956 


The author considers the stability of the trivial solution x,* XoeeeeeXy 9) 
of the systen 


4 
7: Xj (x41Xo00-- Eqs t) 4u1,2;00-Hy 


where the functions XxX, in the region \x,|<3, t 20 7 assumed to be con- 


x 
tinuously @ifferentiable and satisfy the condition — <La« const. Several 


definitions are given in order to establish the notions of the simple, the 
uniform and the asymptotic stability. A result of the author (Priklad.Mat.Mech. 
19, 2, (1955)) is improved by the formulation of the following theorem without 
proof: For the asymptotic stability of the trivial solution it is necessary 
and sufficient that there exists a positive definite function V(XyreeeXpot) 


of the class Cc, the derivative of which = is negative semidefinite and 
satisfies the condition 
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0 
\ n,(v )at » -o for ell pufficiently snail 7 0. 


0 
Here m (T ) 4s a continuous function such that in the region ¥ zv(tqrerrrt gee) 
\x,\ <6» C= + the {nequation 
dv 

n,(T )P BuP Ge 
is satisfied. 
Then it is shown that the method of Liapunov functions can be applied to 
investigations of stability with respect to first approximation in o metrio 
space R- The obtained generalizations of well-known criteria are used for 
the examination of stability of the systems with retardation. The following 
result is formulated: Let be given the systems 
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LUPE RS Krasovekiy, N- He , (Sverdlovsk) 103-11-2/10 
PLPLE. On the Theory of Optimum Control (K teoril optimal 'nogo 


regulirovaniya ° 


DEX LODICAL: Avtomatika i Telemekhanika, 1957+ Yol. 18, Hr 41, PPe 960-970 
(USSR) 


ADSTRACT: Here it is assumed that that quantity 4s limited, the value of 
which, generally spoken, 4g determined by the pehavior of the 
function u,(t) in the entire domain of the transition process. 
Apart fromthe case of & Limitation of U (t) in every moment ty 

the raising of puch problems comprises at so a number of other 
caseoe Here the problem {ge dealt with in a manner that is 
aifferent from that employed by poltyanskiy-Camkrelidze~ 
Pontryagin (DAN ggSR, Vol. 60, Nr 4, 1956)» Whenever there is 
agreement with the aforementioned work, the method employed here 
leads to the same resulta. Here it is assumed that the basic part 
of the system possesses given and unchanging parametarse First. 
the problem of the optimun control is formulated. It is then inv, 
vestigated in the case of the limitation Em (4 T)yecertt (T)) < Be 
N denotes 4 constant quantity or function of the variable 

Card 1/2 Xrigreesseet no’ T, Sp given functional which corresponds to 
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the limiting type with the function u (t). BS, 18 & quantity, 

the value of which is computed according to A certain rule in 
accordance with tie functions u,(T),-++94 (t), which are given 
in the section t £TS& t 47. the problem as such consists 

in determining a° function - ue(t) in such a manner that the 
trajectory x,(x9rt, up f*) reaches the point x, = E(t) within 
the shortest possible time gp = t-t_. Here $n some cases con~ 
tinuous functions u,(t)s which are limited by gp(¥,(T) yest ,(T)) 


Sn, are admitted. Next, the problem of automatic control is 
investigated on the condition | uw, (t)| <N, where t z to: 


Kalypecceceenle In conclusion the approximated methods for the 
computation of optimum control functions up(t) are dealt with. 
There are 11 Slavic references. 


_URAITIED: January 19 4951 


AVAILABLE: Dibrary of Congress 
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AUTHOR: Germaidze, V.Yeeand Krasovskiy, N.l. 40-21-6-5/18 
(Sverdlovsk) rs ea rm eR 
TITLE s Stability Under Constantly Acting Disturbances (Ob 


ustoychivosti pri postoyanno deystvuyushchikh vozmushcheniyakh) 


PERIODICAL: Prikladnaya Matematika i Mekhanika, 1957, Vol 21, Nr 6, 
pp 769-774 (USSR) ; 


ABSTRACT: The authors investigate the behavior of the solutions of dif- 
ferent differential equations. The initial equations are es- 
sentially systems of differential equations of first order in 
which on the right side there stand arbitrary functions of the 
variables and of the time. Starting from the solutions of a 
certain fundamental system conciusions on the solutions of 
disturbed systems are obtained. Several theorems of the fol- 
lowing kind are proved : If the zero solution of the shortened 
initial equation is uniformly asymptotically stable, then it 
is stable too if there exist constantly acting external dis- 
turbances which are bounded in the mean. The proof of these 
and of similar theorems is carried out according to Lyapunov's 
method. Surpassing the investigations usual till now the 
authors still deal with systems of equations, the variables 
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Stability Under Constantly Acting Disturbances 40-21-6-5/18 


of which possess deleyed arguments. Even for such systems of 
equations corresponding theorems like thet one mentioned 
above can be proved. The paper is particularly interesting, 
since in its third section a proof for the frequently applied 
and extraordinarily useful method of the harmonic balance is 
given. A general theorem is derived which represents a mathe- 
matical foundation to this method heuristically applied tiil 
now. There are 11 references, 9 of which are Soviet, and 

2 American. 


SUBMITTED: July 18, 1957 
AVAILABLE: Library of Congress 
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AUTHOR: Krasovakiy, N- N. 


gereran ee eee eek 


TITLE: On the Periodic Solutions of pifferential Equations With 
Time Retardation (0 periodicheskikh resheniyakh differentsial'- 
nykh uravneniy 8 zapazdyvaniyen vremeni 


PERIODICAL: ag Akademii Nauk SSSR, 19575 Vole 114, Nr 2) ppe252-259 
USSR 


ABSTRACT In a complicated generating system the existence and unique- 
ness theorems (or the theorems of isolation) of the generat- 
ingoscillations are of importance. The present report shall 

show the possibility of the solution of such problems for 
equations with a time retardation. Similar as in the case of 
ordinary equations the method of the Lyapunov functions is 
employed here. Only the rough case of the asymptotic ata- 
bility is examined here, put for systens of fairly general 
form. The author finds the sufficient conditions for the 
existence and for the uniqueness of the periodic solution 
for a generating system. The author investigated the follow- 
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n 
dx,/at = Zz py y6t)xj(t - hy ,(#)) + 
+9, (x, (+ - hy (t ))y eeees x (t-hyy(t))» t)+ £,(t)s 


P, (0s seeey Oy t+) = OF (i = 14 25 eee n). 


In this connection Pp; (t), Py(xqe eeeer XQ? t), f,(t) signify 
continuous functions dna h, (t) piece-by-piece periodic func- 
tions of time with the peridd tg, and 0 Ch, .(t)¢ 8 applies. 
Tha equations just given evidently also inediude systems of 
equations with finite differences. The author also investi- 
gates the system of equations 2)% 


ay ,/at 2. ag s(t), (#8 (4) (1 a 4, 2p coon M)s Hhore 


q,.(t) signify continuous functions and g,,(t) #9 piece-by- 
_-sdece periodic functions. The following tieorems are given 
and proved: 

Theorem 1: When the solution y,; ™ :°° = y_=0 of the equations 
(2) is asymptotically atable, positive numbers 64 “pand L 
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can be given so that, when the inequations 
[py j6#)-95 541 Oi | ny 5(4)- as KY [PiGte oo x, t) = 
Ps (x45 woos Xe t)/Z L>__| xix} , are satisfied, the 
j= 


system of equations (1) has a uniquely periodic solution which 
is asymptotically stable in the Lyapunovan sense. 

Theorem 2: When the solution y, = <+* ™ : hee 0 of the system 
of equations (2) is asymptotically stable, the solution of 

the equations 


ax, /at “2, (ag y(t) + ppg y(t) x5 (4 [eg s#)* emsg()]) + 
+ £46) + my (ey (t [ayy pg g(H)))o ever aylt [825 * 


+ pany ,(+)])> t), is stable with regard to the parameter Ae 
There are 12 references, 10 of which are Slavic. 
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SUBMITTED: | April 16, 1956 


AVAILSS LE: Library of Congress 
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TITLEs On the Stability of Quasilinear Systems With Afterworking 
(Ob ustoychivosti kvazilineynykh sistem s posledeystviyem) 


PERIODICAL: Doklady Akademii Nauk, 1958, Vol 119, Nr 3, pp 435-438 (USSR) 
ABSTRACT Well-known stability theorams are transferred to systems 


(1) at ax fe(ee oe] en [elt 9,0] 6 #40) 
where x is an element of the Banach space By; X and R are ope- 


rators on continuous curves x(t) (-h ¢<0) which map these 
curves into B, +70. 


The ee of the continuous curves x(¥) with the norm 


ix(-)ff= supllx( | , -h < ¥€0, is denoted with B(*) , its 
elements with x(-). The linear equation 


& = X(x(t+ 9)), xEB, WX} = L, is equivalent to the equation 


= A x(t,*) , x(t,°)EB(*), whereby A ie the un- 
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oun erator A x(+)sy(+) = 
pounded operat x(+)sy i : “ret a] 


Theorems If the spectrum {Ag} of a satisfies the condi- 
tion 


(2) re Anh - (Yr 79) 


then there exists a functional v[x(*)] which satisfies the 
following estimations: 


°C, I) x()I|* < v fx(+)] Seaffx() If" 


hin oup rite Ate) = vbe(te dd ¢ 6, |}x(-+) |" 
At>+0 dt 


lv fe"(+)] -v fer (Mfg oghan(od=x"(-)feun(den(Ol mee) 


where k>0O is an arbitrary fixed integer, c,20 are constants. 
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With the aid of this theorem the author shows: 1.) If (2) is 
satisfied, then there exists a constant a0, so that the so~ 
lution te = @(+) of (1) is asymptotically stable, as soon 
as Ir [x(-*), tl 4 alx(+)i| . 2.) A more complicated criterion 

in which a lower bound is given for the characteristic numbers 
of the solution. There are 13 references, 9 of which are So- 
viet, 3 American, and 1 Hungarian. 


ASSOCIATION: Ural'skiy politekhnicheskiy institut imeni S.M.Kirova (Ural 
Polytechnical Institute imeni S.M. Kirov) 


PRESENTED: July 22, 1957, by 1.G. Petrovskiy, Academician 
SUBMITTED: April 8, 1957 . 
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Krasovskiy, Nikolay Hikolayevich 
Krasovskty, 1 En Sn eee e 


Tekotonvye zadachi teoril ustoychivosti dvizheniya (Some Probiems in the Theory 
or Stability of Motion) Moscow, Fizmatgiz, 1959. @ll P+ 5,000 copies 
printed. 


Ed.: Gel. Feltdman; Tech. Ede: SoM. Akh lLamov. 
PURPOSE: This book 15 intended for mathematicians and physicists. 


COVERAGE: The author examines certain problems of the theory of the stability 

of the solutions of nonlinear systems of ordinary aifferential equations. 

The book deals primarly with the solution of general theoretical problems on 
the possibilities or Lyapunov's method and on certain basic procedures for 
applying the method to the study of specific stability problems. The book is 
based mostly on workn of the author published in various journals, but formu- 
lations and proofs have heen revised and supplemented. The works of some 
Soviet and non-Soviet authors were also used in preparing the book. The author 
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thanks N.G. Chetayev for his advice and criticims concerning the work and 

Ye.A. Barbashin, M.A. Ayzerman, N.P. Yerugin, Ya. Kurtsveyl', A.M. Letov, 

I.G. Malkin, V.V¥. Nomytskiy, B.S. Razumikhin for taking part in the discus- 
sion of the work. There sre 14Ll references: 129 Scviet, 10 English, 1 German, 
and 1 Spanish. 
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AUTHOR: — Krasovakiy,NsNe | 50¥/140-59-5=13/25 
TITLE: . On Optimal Control in Nonlinear Systems . 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Watematixa, 1959s 


Nr 5, pp 122-130 (USSR) 


ABSTRACT: The method for the determination of the optimal control proposed 
by L.S.Pontryagin [Ret 17 has an essential want for the 
practical application: The conditions of optimality obtained from 
the maximum principle lead to a system of a@ifferential equations 
and the integration constants appearing at the solution have to be 
determined so that the optimal trajectory runs into the origin 
after @ certain time; but an effective method for the solution of 


this boundary value problem is missing. 


The author proposes an approximate method for which this 
difficulty can be avoided by the introduction of a parameter. 
The equations which describe the dependence of the optimal 
trajectories from the parameter are extraordinarily difficult in 
the nonlinear case and can be treated only numerically. 


There are 4 Soviet references. 


ASSOCIATION: Ural'skiy gosudarstvennyy universitet imeni A.u.Gor'kogo (Urals 


State University imeni A.¥.Gor'kiy) 
SUBMITTED: April 21, 1959 
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AUTHOR: Krasovakiy,N-N. sov/140-59-6-11/29 
TITLE: ‘On the Problem of the Existence of Optimal Trajectories 


PERIODICAL: Izvestiya vysshikh uchebnykh gzavedenly. Matematika, 1959, 
Nr 6, pp 81-87 (usSR) 


ABSTRACT: The author considers control systems described by 


a 
(0.1) a: f(x) + bu, 


where f(x) has continuous derivatives up to the order n-1 and 
u(t) = fa, (t)o--erty(*)} ip the so-called controlling device. 


For given initial conditions x, the author seeks & u(t), 
Ju°(t)| <1 80 that the motion along the trajectory x(t)=x(x ,ytst,) 
from x, to 0 is carried out in a shortest time. Under the 


be 
assumption that the matrix A (fas =“\5 eee in the system 


x 
of the first approximation. J 
ax 
(0.3) at = Ax 


in the point x=0 satisfies the conditions usual for linear 
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Trajectories 


systems, the existence of & domain of optimal attraction in the 
neighborhood of x=0 is proved. The result is used for proving the 
existence of optimal trajectories for nonlinear systems 


(0.4) Be t(x) 


the trivial solution of which is asymptotically stable. Three 
theorems are formulated. 


There are 12 references, 11 of which are Soviet, and 1 American. 


ASSOCIATION: Ural 'skiy politekhnicheskiy institut imeni S.M.Kirova (Ural 
Polytechnical Institute imeni S.M. Kirov) 


SUBMITTED: March 3, 1959 
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(Automatic control) 
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TITLE: “On the Theory of Optimal Control of Noniinear Systems af Second 
Order 
PERIODICAL: Doklady Akademii nauk SSSR, 1959,Vol 126,8r 2yep 267-270 (GSER) 
ABSTRACT: Te author considers the system 
(1) 8k. e(x,t) + altas 


where x,f,q are two~dimensional vectors. For te(tertey) tne 


functions f have continuous partial derivatives Of, fox; bounded 
tT 
af 


with respect to their absolute value uniformly ty 13 for + = tg, 
£ and Of , /Ax may have discontinuities of first kind. Tne motion 
described by (1) begins in the moment t, = O in the point x = X,« 
The author seeks a piecewise smooth function Q it) Jn (olats 


so that the point x(t) reaches the yoint x =_O in the shortest 
time. As in the paper of Pontryagin [xef 1 the author 
introduces notions of the admissible controlling. of the optinal 
trajectories etc. The author proves the correctness of the given 
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On the Theory of Optimal Control of Nonlinear SOV/20-126-2-11/Eh 
Systems of Second Order 


problem and he extends the maximum principle of Pontryagin to 
the considered instationary case. Basing on the general 
investigations of Pontryagin and results of the functional 
analysis and the qualitative theory of differential equations 
the author formulates six theorems on the existence of optimal 
trajectories, on necessary and sufficient conditions for the 
optimality and on a method for the successive approximation 
of the optimal trajectory. 

There are 8 Soviet references. 


ASSOCIATION:Ural'skiy politeknnicheskiy institut imeni 5.u.Kirova (Sral 
Polytechnical Institute imeni 3.%.Kirov) 


PRESENTED: January 22, 1959, by L.S.Pontryagin, Academician 
SUBMITTED: October 20, 1958 
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AUTHOR: Krasovskiy, N. N. (Sverdlovsk) 


TITLE: Optimum Control With Random Perturbations 


PERIODICAL: Prikladnaya matematika 1 mekhanika, 1960, 
Vol 24, Nr 1, pp 64-79 (USSR) 


ABSTRACT The optimum control of a system described by 


dx 
Pes Art ere ‘ 
Tt Ag 4+- Bu t- cr, (1.4) 


is studied under the condition that the expected 
time of damping of the transient process be a minimum. 
Here x 18 an n-dimensional vector in phase space, A 
and B are n-by-n matrices, 7 (t) is a random scalar 
function, and u is an n-dimensional steering 


Card T/T function. For given initial conditions Xo» oe to 
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it is required to determine the steering function u? 

which guarantees that the damping time of the transient 

process 4(%557) 9» toy ts Ds u) be a minimun. The 

author rerormulates the problem as follows. He defines 

a set of operators u[t,g] which is denoted by U, 

for ED. which compares vectors u with realizations 

of the random function 7 (t). The set U, 1s restricted 


so that | u (t,¢] ] £1 for t in the interval toe co) 
and such that 


oy 


T (U1, ky &, Loy Nye tg] = \ PICK, 8, Tus Nye bg (dt < 90 (1.3) 


t 


Here, p [U,,k, €,%,5 Mostyot denotes the probability 
that 
[a (2%, Nor taf, He u) tk > 2 (f.4) 
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holds for t> t, dloms a random solution of the given 


m of equations generated by the random functions 
att EY and d ult 5 (ine norms used are defined by 


i y ll = Voces wad vn and lly j 


yo + + ye where k& n. ) Tne "optimum 


shonin is then the problem of determining an 
admissible steering function UP from the considered 


set such that 
fo) 
7 [u,.] = min (TU, ) ). 


The author first proves an existence theorem for the 
special case given by 


2) agar! baat ay (ft) te (2.4) 
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with k and € taken as rand @ respectively. The 
function %(t) 1s assumed to be piecewise constant 
on certain halt-closed intervals, finite in number; 
the constant values 1 9 are assumed to satisfy: 


Inf qe | (ie Axe in) (2.2) 


Furthermore, it 1s assumed that the roots of the 
characteristic equation | A-AI | = O have negative 
real parts. The admissible ceaiiee sone of u(t) are 
considered to be piecewise smooth functions having 
finite jumps at isolated values of t, and the admissible 
solutions x(t), those continuous functions satisfying 
(2.1) except at the stated points of discontinuity. Theg 
author shows that an admissible steering function Uy 
exists for any choice of initial conditions Xoo My to 
and using, this he proves that an optimum steering 
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function u? exists ftfor any choice of the initial 
data; 1.e.; there exists an admissible uP satisfying 


the condition 
Til f= 7 (2.9) 
where TO is the limit of a certain sequence of 


T Lu(') J as k-> 6 correspondin; to a sequence or 


the existing admissible U,- The author then con- . 
siders the equation 
Ly) fey ZOD en fe aay sub) f- 4 (0) i FG (0 ~~ f,) (3.4) 
(7, => xt. SED og a} 


weve © is a random tndependent variable with a 


small dispersionG*, It 1s assumed that-the 
2 
Card S/T mathematical expectations of 4 and & are Zero 
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and Oe, respectively. The author states (without 
proof) that the optimum conditions for the first 
problem can be obtained from this problem by letting 


ade tend to zero. He then deduces a necessary 
condition for the optimality of the steering function 
with the same choice of 7) (t) as in the previous 
problem. He notes that standard approximation methods 
(e.g., method of steepest descent) can be used 
though with considerable difficulty to solve the 
variational problem. The author also describes, by 
proving several theorems, a generalization of the 
Lyapunov function and the application of the second 
method of Lyapunov to optimum problems: the existence 
of admissible optimum steering functions and the 
construction of such functions. As illustrations, 
the optimum control for rardom noise is discussed and 
an approximate graphical method La deseribed for 
constructing the optimum Lyapunov funetion for a 
uystem of equations of the second order corresponding 
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to the equation 


Nf x +f dye ss uy -t 9, (8) (6.2) 


and the conditions lul& 1. There are 18 references, 

16 Soviet, 2 U.S. The U.S. references are: Lasalle, 

J. P., Time Optimal Control Svstens, Proc. of the 
National Acad. of Set., Vol £4, Nr 4, (1959); Bellman R., 
Dynamic Programming, and Stocnastic Control Processes, 
Information and Control, Vol 1, pp 225-239 (1958). 


SUBMITTED: October 5, 1959 
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u®(t) und of the optimum trajectory x? (4) = x(xorteu)s nowever, 
raises great aitficulties. The author proposes the follosing 
approximetion method. 

Let uel x,t] bea continuously differentiodle function with respect 
to xX, with the properties 

(1.3) o£ US 1 tor ali boxy Ue Lethe vi By Cx,t} +o for t>t. 


(104) Ug Last] & a(&) for Wxlee 7 oS: £0¢, Vat - Vx? 
(1.5) baaste ey Die Ve - ow, lintg =@ for €> 0 


Auviliary problem Ag i For given x = Xp)» to 2 QO an admissible control 
ue (+) is to be determined so that 


ae 
— 
TN, 
~~ 
fe] 


04 
i: * \ a [x(xo tee rt dt = min A 
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Auxiliaryproblem sek? For given x = X29 t,= 0 the control ee (t) is 
to te determined so that 


i+) c o eK f) 
(1.7) Tey = s Coat re eee tls (we, (t)] at - 7 = min, 


where k is a natural number and Ute does not satisfy (1.2). 
Theorem 2.1: It is 


(2.1) lim TE = 7° for & +0 
(2.2). it. = 7° for €—>0,k +> @ 
where the functions ug (t), uexe (t) for E> 0, k —> oo converge 


in the mean to the function u® (t) on Co,t°4 (in L). 
Theorem 3.1: ug (+) satisfies the condition 


ree. ug (t)( W%(t)+ b) = max, 

where “’(t) is the particular solution of |. 
PUrelxe,t] 
~ O& 


Ane a | = 
(G2) SF 2 Ay + alt), U0 = 
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and A! denotes the matrix transposed to A. 
The theorem show that the initial problem can be reduced to an 
ordinary wariational problem. Since, however, the use of the conditions 
(3.1), (3.2) is difficult the author recommends the following direct 
way for the probelm Ay : Take 

Ue = 1 - exp (- <_) for t € [opted » Ug= 0 for t>Ve 
and seek the optimum control in the form 


(4.1) u(t) = a Sin = + ose + Be sine 


if (4.1) is substituted into (1-7) and into the general solution 
-4 
(2.14) x(t) = F(t)v. + p(t) F(t) bu(t) av 


of (1.1), then the problem 


Ve 
(4.2) min Fleq sees 2) = min (|) Cue F x(x ten) tl * eyy-at] ¥4 


Card 4/5 


APPROVED FOR RELEASE: Monday, July 31, 2000 


AES Y. TRATED BSD) RRS SO 


aa aee: CIA-RDP86-00513R000826210 


#. 


CIA-RDP86-00513R000826210( 


CIA-RDP86-00513R000826210 


Pal We oe eee 


ere 
Saat “= atest on SR Lt te Fe 
> 3 
t 


"APPROVED FOR RELEASE: Monday, July 31, 2000 


On Approx imati j 246 

al ati ] . i 5 is 

Heine ve Calculation of the o3f248/60/024/62/ 10/032 
™ Control With ie P 

®& tlreet 


is Obbs§ 1e¢ 7 
cel ea, the Solution a V 
wy! . er ; t Agrees 2B of whic yi i 
| ' : ; t h Ylelds & Control 
which foo : 
& 


ufficiently preat ; 


sut'fics r 
Niciently Small E and 5 
& and } is 


tweaebe byte dy. 

Pag BEES SO US CE) 
- » Rog * i 

Onoer is ment 


] 


ere a ioned in + ; 
ore 10 references; 9 ries Paper, 
and 4 


SUBMITTED: November 42 see American, 
’ 


CIA-RDP86-00513R000826210( 


APPROVED FOR RELEASE: Monday, July 31, 2000 


AEPROVED FOR RETEASE: Monday, July 31, 2000 ube pede Sabet a ae 


ER GERE 


ERISA ST PSAIES: VEE SEER 


Le BC Oe See 
9 #2 


fo £# OD &/640/60/024; /005/004/0 026 
c111/C222 


AUTHORS: Kats, I Ya-, and Erasovskiy. ih (Sverdlovsk) 

TITLE: On the Stability of Systems With Random Parameters 

PERIODICAL: Prikladnaya matematika 1 mekhanika. 1960, Vol.24, No.5 
pp. 809-823 

TRXT: The authors consider the equations of the disturbed motion 

(1.1) dx/at = f(x,t.y(t)), 


where x = fx, ,6--5%Qh. fa {fhe -f,\ , the f. are continuous with 


respect to all arguments, and in 
(1.3) ix cH, tZt, 


where [x {j= max (1x, trovey{xpt) it holds: 


(4.2) [fGen toy. (t))-£, (x, tay (t) i ob xt 


Here y(t) is a homogeneous Markov chain with a finite number of states, 
i.e. in every moment, y(t) can assume one of the values a out of a 


finite set of values Y(y,... ,y,). where the probatitity Piatt) of the 
Card 1/7 
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change Yip yy in the time At satisfies the condition 

° . a of ak a “ , = ; 
(164) py (4t) =A Ateo( St) (449) (75 = const) 
where o(/t) is infinitely small of higher order than /.t. It is 
assumed that y, = i (i=1,2,...r) and that 


(1.5) f,(0,t,y(t)) = 0 (y GY, t20). 
( ‘ .t)i ; ath 
A random vector function Ex(xostyyost) y(ty.ygst) ! the realizations 


P(x toryst)y P(t. voit) tof which satisfy (1.1) ia called a 


solution of (1.1). 
The authors investigate the probability stability (cf.(Ref.5)) and 
the asymptotic probability stability of the solution x = 0 of (1 io ke 
The conditions of stability are given in terms of Lyapuncyv functions. 
A function v(x.t,y) is called positive definite 1f v(x,t y) +(x) for 
allye Y, ty to, 


where w(x) 15 positive definite in the sense of 
Card 2/7 
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On the Stability of Systems With Random Parameters 


Ly apunov; v(x,t,y) is said to be of constant sign if in (1.3) it 
cannot assume values of a distinct sign. A function v(x,t.y) sdmnits 
an infinitely small least upper bound if there exists a continuous 
W(x) so that v(x,t,y) < W(x), W(0) = O for ixt<H, tet). yf. 


A function v(x,toy) admits an infinitely large greatest lower bound 
in ix". 7H if w(x) (cf. above) satisfies the condition lim w(x) 200 
for %xr-vH. Let M [-( Ory serev th n)3 thy yerey of itr denote the 


mathematical expectation of the function (ad, gland L,) of the random 
variable Ol pyer ery under the conditions i. Let Miv} MEv(x(t), ty (t))5 
x(t) y(t)/x(t) =% sy(t) = my where {x(t). y(t)iis the solution 


generated for t =%. vy the initial conditions x =$. y =1. be the 


mathematical expectation of the random function v(x( %, eiqyt) tort wit)) 


for ty’. The limit value 


(2.1) mt lim eee fu fu x(t), tay (eat) yt)/x(E)= bu gls)erJ-vir ol} 
t-»@+0 : ; 
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On the Stability of Systems With Random Parameters 


is denoted as the derivative a of v for (1.1) in x= to Jey teh 


Theorem 3.1: If for (1.1) a positive definite function v(x,t.y) can be 
Ie 

given so that aye! for (1.1) is of constant negative sign then the 

solution x = 0 is probability stable. 

Theorem 3.2: If for (1.1) there exists a positive definite v(x,t,y) 

which admits an infinitely small least upper bound, and the derivative 

of which for (1.1) is negative definite in (1.3) then for every 

number p(H)<.1 there exists a number Hy go that the solution x = 0 of 


(Vey) is p(H)-asymptotically stable with respect to the disturbances 
out of the region 


(1.9) Wott Mes 


(A solution is called p(If)-asymptotically stable with respect to 
initial disturbances of (1.9) if 1t 18 probatility stable and besides 
lin oe ae ~ )2 '-p(H) for t eo. where p,(*. -} is the probability 


that for t-t 


o lt holds iix!*-+. where Yo.) 
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For the case H = o the authors obtain results corresponding to those 
of (Ref.4)- 
Then the authors consider systems 


(5.1) dx/dt = A(t,y)x+R(x,t.y), 


where the elements of the matrix A(t.y) for all yr Y are continuous 
bounded functions of the time, while with respect to the R, (x, try) it 
is assumed that in (1.3) and for all y¢-¥ it holds 


(5.2) ik, (x. toy)is x { a (yx = const> 0), \" 
where axl, = “Vx2+.. wx? ; 

Beside of (5.1) the authors coneider the system of the first approximation 
(5.3) dx/dt = A(t,y)x > 


Theorem 5.1: If the solution of (5.3) 18 exponentially stable in the 
mean then the corresponding solution of (5.1) is probability stable; 
furthermore: for every p(ll) the solution x = 0 18 p(h)-asymptotically 
stable for arbitrary R(x,t,y) which in (1,3) satisfy the condition (5.2) 
Card 5/7 
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On the Stability of Systems With Random Parameters 
if ; 19 sufficiently small (the solution x = 0 vf (1 1} 15 called Fa 
exponentially stable in the mean if for arbitrary initial conditicns 


from (1.3) there exist constants B and so that for all tgt, it holds zt 


(4.5) MEMES 5 x(t)/xj.x gle Bik hs exp(--7(-t5))) 


The au.hors consider the stationary linear system 


(6.1) dx/dt = Aly)x 


Theorem 6.1: If the solution x = 0 of (6.1) is asymptctically stable 

in the mean (1.e- stable in the quadratic mean (cf.(Ref.5)) and besides 
for all solutions with the initial conditions ix yc Hy satisfying the 
condition lin HEH x(t)he i 0 for t-:90 ), then for every given positive 
definite form w(x,y) there exists one and only one form u(x,y) of the 
same order which satisfies the equation 

(6.2) aM|vi/at = -w(x,y); 


this form is always positive definite 
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On the Stability of Systems With Handom Parameters 


Theorem 6.2: If the solution x = O of the system (6.1) is asymptotically 
stable in the mean then the corresponding solution of the equation 

(6.11) dx/dt = A(y)x+R(x,t,y) 

is p(H)-asymptotically stable if (5.2) is satisfied, and xis ; 
sufficiently small. ' : \ 
Finally the stability for random continuously acting disturbances is 
considered briefly. 

There are 11 references: 7 Soviet and 4 American. 


—~— 


fAbstracter's note: (Ref.4) concerns I.E.Bertram and P.E.Sarachik, 
Proc. Int.Symp. on Circuit and Information Theory, 1959 , (Ref.5) 
concerns J.Doob, Stochastic Processes, } 
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AUTHUR: Krasovakiy, NeN- (USSR) 
PITLE: On the choice of parameters in stable optimal systems 
SOURCE: IFAC, lst Congress, moscow 1960. Teoriya diskretnykh, 


optimal 'nykh i samonastraivayushchixhsya sistem. 
arudy, Ve 2, 1961, 482 - 490 


PEXT: Some results are given, relating to the choice of optimum 
controllers subject to certain restrictions. the system is descri- 
ped by the equations 


clk 


= (x, t) + Bu, (1) x 


where x and t are n-dimensional vectors, u is the r-dimensional con 
troller-vector, Bis a matrix. +he tunctional Balu is given which 
determines the restrictions on the allowea contrdler, viz. 


Bplujss 2° (2) 


Cara 1/7 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210 


Hr 8l: on pea pera ER stp Re ER Semen TA OTe HEP R IS Ae asi cies ne ae 
SFT SP a RPMI PLT) Fes STASIS FASS BAAR DEST ES 


30557 
8/569, 01/U02/000/0U3/0U8 
un the choice of parameters in... D296, U302 


it 18 necessary to determine the allowed optimal controller (ae0.c.) 
for which system (1) passes from the state x, t = 0 to a pre- 
determined state in a minimum time 1°. Depending on the type of Eps 
t(x, t) and the desired final state, the above problem can oe lor- y 
mulatea differently. three different formulations (A, byU) are gi- 
ven, all being variational problems related to the solution of dif- 
ferential equations and possessing certain pecuiiar reatures. the 
solutions which are of interest in practice, are discontinuous. 
Problem C is called synthesis-problem for optimal systems (s.0.8). 

In such problems, u® should be calculated by means of computers 


much faster than the duration of the transient process. Below, the 
problems are solved by the methods developed by the author in ear- 
lier works. the linear system 


AX = p(t)x + Bu + P(t) (4) 


is considered. In certain cases of interest, the optimum-control 
probiem reduces to the well-known problem of functional analysis, 
called "l-problem" in Ref. 12 (N. Akhiyezer, M. Kreyn, O nekotorykh 
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$/569/61/002/000/003/008 
On the choice of parameters in... D298/D502 . 
voprosakh teorii momentov art. 4, pe 171, GONTI-NVTU, 1935). tthere- 
by, the existence conditions of the a-0-cs. can be ascertained as 
well as its dependence on the system parameters and on xX} limiting 
processes in optimal solutions can be studied which is important 


for approximate methods of solution. The following two problems 
are considered in detail: 


~ g, = max({i()|,9St<T), rah (5) 
a : : 
: gi; = max (3 ui(), OSS ST), ran, (6) v4 
fel 


whereo roblem (6) is auxiliar; (to the approximate method of 
solvate problem (5))- By theorens of Ref. 12 (Op.cit.) the follow- 
ing results are obtained: the ¢..0-c. of (5) is a relay function 


w(t) = sign py Mtn) ‘ (8) 
ad 


the a.o.c. of (6) is a continuius vector—function 
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a 


ee 
ua (sae (= [zatmmf)” ; (9) 


fmt 
the numbers a° ana the optiial time 7? are determined from 
— up n 
an (T) = min \ flyby |al, > CiAy 33 i]s 1, (10) 
oy! tm 


a: 


r 


7?) (T) = min \ [S1zMfbr) “dt Seda | =] (11) . 
0 ta: i] 


: int 
In the case of nonlinear stems, the necessary optimum ‘conditions 
involve the cai with vi‘lations along the optimal trajectory: 


oe pu, (Pv = (3) *). (14) 
i 
} 


om x(t) 
—e 


In the tinear case, the 
Card 4/7 
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a given x = x., reduces to the "I-problem". In the nonlinear case, 


the existence proplem is more complicated. Under the above assump-: 
tions one obtains for problem (5) an a.o.c. of relay type. In the 
linear case, the necessary conditions (as derived above) are, as a 
rule, also the sufficient optimum-conditions (toth socally and in 
the sarge). In the nonisinear case however, thes? conditions are rot 
sufficient. in synthesizing optimal systems, th. choice of the con- 
stents A° presents a difficult problem. A metho. of solution to 
proplem (5) is described (with the disturovance «= VU). together 
with system (4), the system 


ax ig n 
ae Palas Slate SD) Dae (19) 


[3 


is considered. Proceeaing from (11), a system of \ifferential qua-~ 
tions is set up, viz. ~ 
adT° 0 
SO a Fy (T%, (2), 9); 
d¢ (20) 


dit : 
—! = Fy (Ty, (Ai},0) (6 22 2, «eee A) 
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which satisfies the conditions of existence and uniqueitss of so- 
lutions. by integration of (20), one obtains 


pm? = lim 2°(%); ag = lim Aj(¥) for & 1, 


where 2° determine the a.o.c.e (5) according to formula (i+. Pur- 


ther, the use of the method of Lyapunov runctions in sy e inesis 
‘problems, is considered (ror autonomuus svstems); in pariiclar, 
probiems (5) and (6). Along the optiwal -rajectory x(Xor t. u®), 
‘the equation : 


—_— a 
aT (x (Xo, f, %°)) = >> 
dt 


are 0) = min St OF. * oo 
ag, Hie) + Bur) tnp 2s, (f; (x) + Bu), (22) 


~ fakes : 
holds, i.e. p° (x) can have the role of the Lyapunov function for 
the optimal system. Hence for syntnesizing optimal systems it is 
sufficient to know the function v = T9(x) which satisties the con- 
ditions of Lyapunov's theorem on asymptotic stability. Condition 
(22) yields a partial differential equation forv. In simple cases 
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it is possible to solve the synthesis problem by solving this equa- 
tion by the method of characteristics. Finally, the use of Lyapu- 
nov functions in problem U is considered. A discussion followed; 
taking part were Ye.A. Harbashin (USSR), R. Kulikovskiy (Poland). 
There are 12 Soviet-—bloc references. 
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AUTHORS: Krasovekiy, N.N., and Lidskiy, Z-A. (Sverdlovsk) 
ppeieats: Lome, 


TITLE: Analytical design of controllers in systems with 
random properties 


PERIODICAL: Avtomatika i telemekhanika, v. 22, no. 9, 1961, 
1145 - 1150 


TEXT: This is a short analytical analysis of a control system un- 
dergoing random changes and subjected to random interference, 

whose bloc diagram is min Fig. 1. In it z(t) is the controlled 
-vectorial quantity, zo ( ) = the required magnitude of this quan- a 


tity, x(t) = 2(t) - z(t) - error vector g(t) - activating force 


(€ + @) - excitation of the regulator, y(t) - interference, n(t) - 
factor determining the random changes in the controlled load A. 
The que.tity & is assumed to be known. If between the components 
x5 of error vector x(t), there exists components not equal to zero 
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the stage B produces an additional stabilizing force © which go- 
verns the transient. The aim of the present article is the analyti- 
cal determination of quantity @. The law of control of &(x. 7) 

will be determined from the conditions for the minimum of integral 
evaluation of quality. It is assumed that the equations of the ran- 
dom process in the system written in the coordinates X4 of the 


error vector x(t), have the form 


ax 
ed ey lx) cory Xp Q(t), €] + Y45 & = é[x,, Lae a ae 


Punction Pe is assumed to be known and continuous. The function 


a(t) is a random function determining the behavior of stage A at 

various instant of time t. P[L/Q] is assumed to be the probability 
of occurrence of L under the condition Q and M[1/q] the mathemati- 
cal expectation of a random quantity 1 under the condition Q. De- 
noting by O(€) a quantity of a higher small order than quantity € 
and by 0(€) - a small quantity of the same & order, the random @ 
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changes of u(t) are described by functions q(a) and q(a, §). Func-. 
tions q(a) and a(a, 6) satisfy a(a, - m) = 0, ala, wm) = a(a). rf 
a(t) can assume only one of the values of k = (aj aes a) then to°- 


describe the process it is enough to know the transfer matrix 
//p,3// where 


/ Pin (t+ A) ayn (t) = cy) = pyAt +0(d), 
(2.3) 


a(a) = 3) pu oon) = >, py SPR om SB < Omi.” 
IN a 


” 


If the function a(a, 8) has the probability density q(a, B) = 
B . 
= \ p(a, v)dv, then 


~ 


a ie oe . 6, ‘ ai 
a P [Br <n (t+ Ade Ba, y(t +At)a/y (t)=a]= At \ P (a, v) dv-+o (At). (2 4) 
—_o ER es ee .? 
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It is further assumed that it is possible to measure 7(t) and that 
it 1s applied to stage B without distortion and delay. Interferen- 
ce y at the input is assumed to be in the form of random pulses re- 
sulting in step changes of the output 4 Xy ~J vp, where Vy & Yan- 


dom quantity, p, + a known function. The mean value of vy is asBus 
med to be zero, the dispersion M (ve = of = 9 and the correlation 
coefficients k, 4j (M {V4v, } = Ks 040%, ) are assumed to be known and 
aad the limiting case s the Laterference, A—2o, oF —- oO at 
Ags = const is considered. If therefore a certain function w[x,, : 
seve Xue Ns §] is given which determines the criteria for the Sie 
sient aieeses 


fe 9] 7 
rf Xo? Tol = M{w/x) = X19 +++ n= Xo? L™ No for t= t, = 


= 0} dt ; 
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5 ; € 
where wW = w{x, (+), or x(t)» nt), &(x(t),, 1 (t))] the problem is 
to find the function 5 = 5O(x,, iis x97) so that the solutions 


x(t) of system (1.2) and(1.1) satisfy the following conditionsé 
a) The given movement x = 0 has a probability stability; b) The 
errors X49) possible in the system, should result in a process, 


assymptotically stable in its probability correspondingly x = 0; 

c) The integral Eq. (3.1) for.a given control «= %°(x, ) should 

have a minimum when compared with its values determined by another 

&. In the 2nd part of the article an approximate method of optimi- 

zing the function v is given, in the third part the problem of the 
minimum r.m.s. error is solved for linear systems. The authors ack- 
nowledge the help of A.M. Letov. There are 1 figure, and 32 refer- 
ences: 28 Soviet-bloc and: 4 non-~Soviet-—bloc. [Abstractor's note: 

3 of the Russian-language references are translations from English ] 

The 4 references to the English-language publications read as fol- o 
lows: Bellman R. Glicksberg, J. Gross 0., Some Aspects of the Ma-' 
thematical Theory of Controll Processes, Project Rand 1958; R. Bell- 
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man, Glicksberg J., 0. Gross. On the ' : 

e e e Ban ~Bang' Bad 
aelbaattan Applied Mathematics vo. 14, moods Npril toe, es 
Ke mat and J.-E. Bertram, Control Systems Analysis and Design vi 
ae 7: Sans Method of Lyapunov, Paper Amer. Soc. Mech. Eng. No 
Aaa » 1959; J. LaSalle, Time Optimal Control Systems. Proc, of: 
whe National Acad. of Sciences. vol. 45, no. 4, 1959. eae: 


SUBMITTED: March 18, 1961 
: Fig. 1. - 
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é 
AUTHOR: Krosovakiy, Ne N., and Lidskiy, E. A. 
TITLE: Analytical design of controllers for random aya tema 
II. Optinum-control equations. Approximate method of 
solution 
FERTIODICALs Avtomatika i telemekhaonika, v. 22, noe 10, 1961, 1273-1278 


TEXT: Optimum-control equations are derived on tho basia of tho genernl 
method of the outhors in purt I of the article, (Ref. ls Avtomatika i ee 
telemekhanika, v. 22, no. 9, 1961). The concepta ond notations are the 

some as in part I. In Ref. 1 (Op. cits), rules wero formated vhich go~ 

vern the search for the optimum-control law f° which minimizes the inte- 

gral performance~criterion 


Tym \ M (wz (0), EC} / tos Nos sg (1.1) 


0 
of the stochastic control-system 
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dx 

_ = P  Lxyreee, m4 (t),€ 7 (1.2) 

Ee 5 Lxyseeey xe H/ (1.3) Yo 
Lib 

By those rules, E ° ia determined from the condition 

5 LAC es 1 1.4) 

[a+ eo], ming [Fae +o] =o, (1.4) 


where v° ise positive-definite, optimum Lyapunov~function. The partinl 
differential equations are derived which are a consequence of of Eq. (1.-1), 
These equations yield 
DAM (8m) + | vz Baye (m8) — 
{mot Ss 
A n 8% if (1.8) 
: t, 
—a(nu(an+sz Dd _ kynnee, to lz, nl =0 
idem 


Ox, as 
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